In five experiments, we examined lexical competition effects using the phonological priming paradigm in a shadowing task. Experiments 1A and 1B replicate and extend Slowiaczek and Hamburger's (1992) observation that inhibitory effects occur when the prime and the target share the first three phonemes (e.g., /bRiz/-/bRik/) but not when they share the first two phonemes (e.g., /bREz/-/bRik/). This observation suggests that lexical competition depends on the length of the phonological match between the prime and the target. However, Experiment 2 revealed that an overlap of two phonemes is sufficient to cause an inhibitory effect provided that the primes mismatched the targets only on the last phoneme (e.g., /bOl/-/bOt/). Conversely, with a three-phoneme overlap, no inhibition was observed in Experiment 3 when the primes mismatched the targets on the last two phonemes (e.g., /bagEt/-/bagaZ/). In Experiment 4, an inhibitory effect was again observed when the primes mismatched the targets on the last phoneme but not when they mismatched the targets on the last two phonemes when the time between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets was controlled for. The data thus indicate that what essentially determines prime-target competition effects in word-form priming is the number of mismatching phonemes.
Word recognition from the acoustic signal constitutes an important aspect of speech comprehension. Contemporary models postulate that spoken word recognition involves the activation of a set of lexical candidates and the selection of the best match within the candidate set. The time course of word recognition can thus be understood with reference to the set of lexical competitors from which a target word must be discriminated.
There is now ample evidence from various experimental paradigms that multiple lexical candidates are activated and compete with one another during target word processing (Allopenna, Magnuson, & Tanenhaus, 1998; Dahan, Magnuson, Tanenhaus, & Hogan, 2001; Goldinger, Luce, & Pisoni, 1989; Goldinger, Luce, Pisoni, & Marcario, 1992; Luce, Goldinger, Auer, & Vitevitch, 2000; Luce & Large, 2001; McQueen, Norris, & Cutler, 1994; Norris, McQueen, & Cutler, 1995; Soto-Faraco, Sebastián-Gallés, & Cutler, 2001; Vitevitch & Luce, 1998 , 1999 Vroomen & de Gelder, 1995) . However, the precise mechanism by which competition among lexical candidates is supposed to arise remains controversial. In some models, such as TRACE (McClelland & Elman, 1986) and Shortlist (Norris, 1994) , lexical competition is caused by lateral inhibitions. By this mechanism, the target word tries to inhibit its competitors, but the competitors themselves also send inhibition to the target word and thus reduce its activation level, causing slower recognition. The degree to which a competitor inhibits a target word is also supposed to be a function of its activation level. The more a competitor is activated, the more inhibition the target word receives. Conversely, in the Cohort model (MarslenWilson, 1987; Marslen-Wilson, Moss, & van Halen, 1996) or the neighborhoodactivation model (NAM; Luce, Pisoni, & Goldinger, 1990) , lexical competitors have no direct influence on the activation level of a target word, but competition effects are mediated at the decision stage, at which the presence of close competitors slows down the process of discrimination among lexical candidates. For example, in the Cohort model recognition takes place when the difference in activation between the target word and its most activated competitor has reached a fixed value. Thus, a competitor can influence the recognition of a target word by delaying the moment at which this critical difference is reached.
One way to study competition processes consists in measuring target performance after the presentation of one of the target's lexical competitors. What makes the phonological priming paradigm interesting for the study of lexical competition is that a competitor is explicitly presented and its effect on performance can be measured. Regardless of the mechanism by which competition is supposed to arise, all current models predict that priming a target word by one of its competitorsshould slow down its recognition.Indeed, preactivation of the competitor should increase its inhibitory influence during target processing in models such as TRACE and Shortlist. It should also take longer for the activation level of the target word to exceed that of its competitors in the Cohort model. Surprisingly, however, the literature on phonological priming reports very few inhibitory effects, and several authors have also described either facilitation or null effects (see Monsell & Hirsh, 1998, and Segui, 1995, for reviews) . The aim of the present study was to resolve some of the inconsistencies among the existing data. More specifically, we tried to assess under which conditions the expected competition effect can be consistently demonstrated.
Competition Effects in Phonological Priming
Although interference effects have not been systematically observed, some form-priming studies have reported them. Slowiaczek and Hamburger (1992) asked participants to perform a shadowing task 1 on monosyllabic targets preceded by primes sharing zero phonemes (e.g., clump-green), one phoneme (e.g., goals-green), two phonemes (e.g., grope-green), or three phonemes (e.g., grief-green) with the target words. It was found that responses were faster when primes and targets shared one phoneme than when there was no phonemic overlap between them. In addition to this low similarity facilitation effect, a high similarity interference effect was observed when the one-, two-, and three-phoneme overlap conditions were compared, with naming latencies being slowest for the three-phoneme overlap. In an attempt to determine the locus of these effects, Slowiaczek and Hamburger manipulated both the lexicality (word vs. nonword) and the modality (auditory vs. visual) of the primes. They found that the lexical status of the primes influenced the interference effect but not the facilitation effect. High-similarity interference was observed only with word primes, whereas low-similarity facilitation emerged for both word and nonword primes. On the other hand, prime modality affected the facilitation effect but not the interference effect. Low-similarity facilitation was present only with auditory primes, whereas highsimilarity interference was observed with both auditory and visual primes. This pattern of results led Slowiaczek and Hamburger to conclude that low-similarity facilitation was a prelexical effect due to phonemic similarity between the primes and the targets. In contrast, high similarity interference was assumed to reflect competition between the lexical representations of the target and of the prime. Note, however, that response latencies were not reliably longer with a three-phoneme overlap than with a zero-phoneme overlap between the primes and the targets. Thus, the evidence for competition between lexical candidates consists in the observation that naming latencies increased as the phonemic overlap between primes and targets increased from one to three phonemes.
To account for the data, Slowiaczek and Hamburger (1992) proposed that facilitation results both from preactivation of the target's phonemes at a prelexical level and from partial activation of the target word at a lexical level. Interference, on the other hand, would arise when highly activated lexical units compete and inhibit each other. In the case of a large phonemic overlap between the prime and the target, the prime word would be strongly reactivated during target processing and would act as a strong competitor, thereby slowing down target recognition. Conversely, in the case of a single-phoneme overlap, the reactivation of the prime would not be sufficient to cause processing cost. Such an account is also compatible with the architecture of the TRACE model (McClelland & Elman, 1986) , which postulates both excitatory connections between phonemes and lexical units and inhibitory connections at the lexical level. Consequently, both facilitation and inhibitory effects are predicted by TRACE, although the exact combination of these two effects remains unclear in the absence of simulation studies. Finally, the observation that an interference effect occurs only in the case of a large overlap between the primes and the targets is also compatible with the Cohort model (Marslen-Wilson et al., 1996) , which does not postulate lateral inhibition but predicts that the strongest competitors are the words that diverge latest from the target word. Note that the inhibitory priming effects are restricted to words overlapping at their onsets (Monsell & Hirsh, 1998; Radeau et al., 1995) . When the same kind of overlap occurs at offset, facilitation tends to be found (Dumay, Benraïss, Barriol, Colin, Radeau, & Besson, 2001; Monsell & Hirsh, 1998; Radeau et al., 1995; Slowiaczek, McQueen, Soltano, & Lynch, 2000) , although the effect in the lexical decision task appears to be modulated by strategic bias (Norris, McQueen, & Cutler, 2002) .
Investigating the role of strategic processes in initialoverlap phonologicalpriming, Hamburger and Slowiaczek (1996) reported a reliable inhibitory effect with a threephoneme overlap only when the strategic factors were discouraged by a low proportion of related pairs (21%) and a short (50-msec) interstimulus interval (ISI). When a high proportion of related pairs (75%) and a long (500-msec) ISI were used, the interference effect was negligible, thus indicating that strategic processes do not cause inhibitory priming effects but, rather, counteract them. Despite this observation, it was claimed that Hamburger and Slowiaczek's (1996) f indings of inhibition when primes and targets shared three phonemes did not reflect a "true" lexical competition effect. Rather, it would be the result of response biases developed by participants when they noticed the presence of related prime-target pairs. In a replication of Slowiaczek's (1996) experiment, Goldinger (1999) attempted to provide evidence for response biases by examining how performance on control trials developed over the course of the experiment. He reasoned that if participants develop strategic processes intended to maximize performance on related trials, a cost should be systematically observed on control trials. This was in fact what Goldinger found. Reaction times (RTs) on control trials became slower as the experiment progressed for both the high and the low proportions of related prime-target pair conditions. The slowdown on control trials was nonetheless weaker when a low proportion of related pairs was used. Because Goldinger observed that RTs increased even in a condition that reduced the likelihood of strategic processes, he argued that the inhibition observed when primes and targets shared three phonemes is the result of an "inefficient bias." Hence, according to Goldinger, inhibitory priming effects occur because participants "avoid anticipating more prime phonemes than targets truly contain" (p. 350). Although in a reanalysis of Hamburger and Slowiaczek's (1996) data, Hamburger and Slowiaczek (1999) also showed that biases were reduced but not eliminated by the use of a low proportion of related trial pairs, they maintained that the three-phoneme overlap inhibition reflects competition between the lexical representations of the primes and of the targets. This is because inhibition is stronger when strategic biases are weaker, thus making it unlikely that response biases cause inhibitory priming effects.
Taken together, the results described by Slowiaczek and Hamburger (1992) suggest that the likelihood that an inhibitory priming effect will emerge is dependent on the number of shared initial phonemes. Inhibitory effects are more likely to occur with an overlap of three phonemes than with an overlap of two phonemes between the primes and the targets. Nevertheless, such a finding is incompatible with the data obtained by Radeau et al. (1995) using monosyllabic words. With a 20-msec ISI and primes of lower frequency than the targets, Radeau et al. (1995) reported an inhibitory effect in a shadowing task despite the fact that the primes and the targets shared only the first two phonemes (e.g., bouche /buS/-boule /bul/ ). 2 This observation is particularly interesting because it may indicate that the number of matching phonemes is not the only factor in determining the competition effect in phonological priming.
Why did Radeau et al. (1995) observe an inhibitory effect with an overlap of two phonemes, whereas Slowiaczek and Hamburger (1992) did not? An examination of Slowiaczek and Hamburger's materials reveals that the phonological mismatch length between primes and targets covaried with the size of the phonological match. In their studies, Slowiaczek and Hamburger used four-or five-phoneme monosyllabic words. This implies that in the case of an overlap of two phonemes, the primes mismatched the targets on at least the last two phonemes (e.g., drill-dread). In contrast, in Radeau et al.'s (1995) study, three-phoneme monosyllabic words were used, meaning that with the same overlap, the primes mismatched the targets only on the last phoneme (e.g., bouche /buS/-boule /bul/ ). It is thus likely that the amount of inhibition exerted by a competitor on target word recognition is a function of the size of the phonological mismatch. Such a hypothesis seems to follow naturally from the sequential nature of the speech signal. When a competitor differs from the target only on the last phoneme, it should be strongly reactivated during the processing of the target word, since its activation will rise until the last phoneme of the target is processed. As a result, a latediverging word should compete strongly with target recognition. In contrast, when a competitor mismatches the target on the last two phonemes, its inhibitory influence should be considerably reduced, since it mismatches the lexical representation of the target word earlier and its activation quickly stops increasing during the processing of the target. Thus, primes differing from the targets on the last two phonemes should constitute less effective competitors and should have less influence on the recognition of the target words. The present study was undertaken to provide an empirical examination of this prediction.
Five experiments were carried out in order to examine whether variations in the number of mismatching phonemes cause variations in the competition effect between prime and target words. In each experiment, the primes and the targets were presented auditorily and the participants performed a shadowing task. The stimulus lists included a weak proportion of related pairs (25%) to minimize the influence of strategic factors that could counteract the expected inhibitory effects (Hamburger & Slowiaczek, 1996) . Except in Experiment 4, a short (50-msec) ISI was used to prevent the residual activation of the prime from dissipating before target presentation. Because it had previously been observed that low-frequency primes produce more inhibition than high-frequency primes do ; see also Luce et al., 2000 , for a similar observation in phonetic priming), the less frequent of the words in each of the prime-target pairs was always used as the prime. 3 The conditions used in each experiment are illustrated with examples in Table 1 .
As in Slowiaczek and Hamburger's (1992) study, the amount of initial overlap was manipulated in Experiments 1A and 1B to assess the generality of their effects with French materials. In Experiment 1A, CCVC monosyllabic target words were used. Primes and targets shared zero phonemes (e.g., moine /mwAn/-brique /bRik/ ), two phonemes (e.g., braise /bREz/-brique /bRik / ), or three phonemes (e.g., brise /bRiz/-brique /bRik/). The amount of initial overlap also covaried with the number of mismatching phonemes between the primes and the targets. In the case of an overlap of two phonemes, the primes mismatched the targets on the last two phonemes. In contrast, in the case of an overlap of three phonemes, the primes and the targets differed only on the last phoneme. Because the use of CCVC target words makes it unavoidable that related prime-target pairs share the vowel for the three-phoneme overlap but not for the two-phoneme overlap, Experiment 1B was conducted to ensure that it is not the vocalic overlap that is responsible for the inhibitory effect. Thus, CVCC target words were used in Experiment 1B so that primes and targets shared the vowel in both the two-phoneme (e.g., carpe /kaRp/-casque /kask/) and the three-phoneme (e.g., corne /kORn/-corde /kORd/ ) overlap conditions. So, in Experiments 1A and 1B, the stimuli were four phonemes long, with three initial matched phonemes and one mismatched final phoneme, two initial matched phonemes and two mismatched final phonemes, or zero matched phonemes. In Experi-ment 2, the primes and targets shared the first two phonemes and mismatched only on the last phoneme (e.g., bol /bOl/-botte /bOt/ ), as was the case in Radeau et al.'s (1995) experiment. Thus, the stimuli were three phonemes long with two initial matched phonemes and one mismatched final phoneme, or with zero matched phonemes. Despite the small overlap between primes and targets, primes should constitute strong competitors because they mismatched the lexical representations of the targets only on the last phoneme. In consistency with Radeau et al.'s (1995) observation, an interference effect was expected. In Experiment 3, an overlap of three phonemes was again used, to examine whether inhibition could still be observed when the primes and the targets differed on the last two phonemes. Because it was not possible to select monosyllabic primes that shared three phonemes with the targets but mismatched the targets on the last two phonemes, bisyllabic primes and targets were used. Primes and targets shared zero phonemes (e.g., flocon /flokÕ)/-bagage /bagaZ/), three phonemes (e.g., baguette /bagER/-bagage /bagaZ/ ), or four phonemes (e.g., bagarre /bagaR/-bagage /bagaZ/ ). In the case of the three-phoneme overlap, the primes mismatched the targets on the last two phonemes. In contrast, in the case of the four-phoneme overlap, the primes differed from the targets only on the last phoneme. Thus, the stimuli were five phonemes long with three initial matched phonemes and two mismatched f inal phonemes, four initial matched phonemes and one mismatched final phoneme, or zero matched phonemes. As in Experiment 1, an inhibitory effect was expected only when the primes mismatch the targets on the last phoneme. Because the number of mismatching phonemes bore a direct correlation to the time that elapsed between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets, Experiment 4 was aimed at replicating Experiment 3 while keeping this variable constant.
EXPERIMENT 1A
Experiment 1A consisted of a partial replication of the Slowiaczek and Hamburger (1992) experiment. Primes and targets shared zero phonemes (e.g., /mwan/-/bRik/), two phonemes (e.g., /bREz/-/bRik/ ), or three phonemes (e.g., /bRiz/-/bRik/ ). Following Slowiaczek and Hamburger, an inhibitory effect was expected only for the threephoneme overlap because the high similarity between primes and targets should cause the prime words to be strongly reactivated during target processing. Conversely, no inhibitory effect should emerge when the primes and the targets share two phonemes, because the low similarity between primes and targets should prevent the primes from being sufficiently reactivated during target presentation and thus interfering with target recognition.
Method
Participants. Fifty-four students at the University of Bourgogne participated in the experiment for course credits. All were native speakers of French and reported no hearing or speech disorders.
Materials. Forty-two monosyllabic target words with a CCVC syllabic structure were selected from BRULEX, a lexical database for the French language (Content, Mousty, & Radeau, 1990) . Each of these 42 target words was paired with three monosyllabic prime words. Two primes were phonologically related to the target: One shared the first two phonemes with the target and mismatched the target on the last two phonemes (e.g., braise /brEz/-brique /brik/), and the other shared the first three phonemes with the target and differed from the target only on the last phoneme (e.g., brise /briz/-brique /brik/ ). A third prime having no phoneme in common with the target was used as a control (e.g., moine /mwan/-brique /brik/). The prime-target pairs are provided in Appendix A.
The targets had a mean logarithmic frequency of 3.45. The mean logarithmic frequencies of the primes were 2.48 for the two-phoneme primes, 2.63 for the three-phoneme primes, and 2.51 for the control primes. The average duration of the targets was 462 msec. The average duration of the primes was 458 msec for the two-phoneme primes, 450 msec for the three-phoneme primes, and 453 msec for the control primes.
Because each target was paired with three different primes (twophoneme, three-phoneme, and control) and no participant was to be presented with the same target more than once, three experimental lists were created. Each list included the 42 target words, and within each list each type of prime preceded 14 target words. The lists were counterbalanced so that each target was preceded by the three types of prime. To attain a proportion of related prime-target pairs of 25%, 70 filler pairs without any relation between the primes and the targets were added to each list.
Procedu re. The stimuli were recorded by a female native speaker of French on a digital audio tape recorder. The items were digitized at a sampling rate of 44 kHz with 16-bit analog-to-digital recording. The participants were tested individually in a quiet room. The presentation of the items was controlled by a computer. RTs were collected via a voice key connected to the computer. The primes and the targets were presented over headphones at a comfortable sound level. A 50-msec ISI separated the offset of the prime and the onset of the target. Each participant was asked to repeat the target as quickly and accurately as possible. The participant's response and the onset of the prime of the following trial were separated by a 2-sec silence. The naming latencies were measured from the onset of the target to the participant's response. Each participant was tested on only one experimental list and began the experiment with a block of 16 practice trials.
Results and Discussion
Two items that gave rise to an error rate of more than 20% were excluded from the analyses. For each participant, both RTs longer than 1,200 msec and those greater than 2.5 standard deviations above and below the overall response time were removed from the analyses. Incorrect responses were also removed from the latency analyses. A response was considered incorrect in case of hesitation or when at least one phoneme of the target was mispronounced. With these criteria, only 2.96% of the data were rejected. The mean RTs and error rates in each priming condition are presented in Table 2 . Because few errors occurred, analyses were performed on RTs only. Analyses of variance (ANOVAs) by participants (F 1 ) and by items (F 2 ) were conducted, with prime type (twophoneme, three-phoneme, and control) as the variable. In order to reduce interindividual variability, the variable list was also included in the analyses (see Pollatsek & Well, 1995) . Only the results concerning the variable of interest (prime type) are reported below.
The main effect of prime type was significant [F 1 (2, 102) 
EXPERIMENT 1B
Because in the three-phoneme overlap condition primes and targets shared the vowel, Experiment 1B was carried out to ensure that the vocalic overlap is not the primary vehicle for inhibitory priming effects. Therefore, CVCC monosyllabicwords were used so that primes and targets shared the vowel in both the two-and the three-phoneme overlap conditions. If the vocalic overlap, rather than the amount of overlap between primes and targets, explains the inhibition observed when primes and targets shared three phonemes, no difference in magnitude of the priming effect is expected between the twoand the three-phoneme overlap conditions when vowel overlap is controlled. Because it was not possible to select two related primes for a given target word, two sets of targets were selected. For one set, the related primes shared two phonemes with the targets, and for the other the related primes shared three phonemes with the targets. What is so critical in this experiment is the interaction between prime type and overlap.
Method
Participants. Fifty students were recruited from the same pool as in Experiment 1A.
Materials and Procedure. Two sets of 18 monosyllabic target words with a CVCC syllabic structure were selected. For the first set, the related primes shared the first two phonemes with the targets and mismatched the targets on the last two phonemes (e.g., carpe /kaRp /-casque /kask/ ). For the second set, the related primes shared the first three phonemes with the targets and differed from the targets only on the last phoneme (e.g., corne /kORn/-corde /kORd/). All related primes had a CVCC syllabic structure. For each of the 36 target words, a CVCC control prime having no phoneme in common with the targets was selected. 4 The primes and targets are provided in Appendix B.
Both sets of targets were matched for word frequency, with mean logarithmic frequencies of 3.49 for the two-phoneme overlap condition and 3.52 for the three-phoneme overlap condition. The mean logarithmic frequencies of related and control primes were 2.54 and 2.26, respectively, for the two-phoneme overlap condition. The corresponding respective values for the three-phoneme overlap condition were 1.87 and 2.22. The average durations of the targets were 560 and 556 msec for the two-and the three-phoneme overlap conditions, respectively. In the two-phoneme overlap condition, the average durations of related and control primes were 554 and 575 msec, respectively. In the three-phoneme overlap condition, the corresponding respective values were 555 and 551 msec. Because each target was paired with two different primes (related and control), two experimental lists were created. To attain a proportion of related prime-target pairs of 25%, 36 filler pairs without any relation between the primes and the targets were added to each list. The procedure was the same as in Experiment 1A.
Results and Discussion
The RT data were analyzed according to the same criteria as in Experiment 1A. One item was excluded from the analyses because it was subject to frequent miscomprehension. The percentage of rejected data was 3.14. The mean RTs and error rates in each condition are presented in Table 3 . Because few errors occurred, analyses were performed on RTs only. ANOVAs were conducted with prime type (related, control) and overlap (twophoneme, three-phoneme) as variables.
The main effect of prime type was significant [F 1 (1, 48) . Overall, the results suggest that the inhibitory effect previously observed in the three-phoneme overlap condition is due to more than simple vocalic overlap between primes and targets. 5 To summarize, Experiments 1A and 1B replicate the results previously described by Slowiaczek and Hamburger (1992) and indicate that an inhibitory priming effect occurs when the primes and the targets share three phonemes but not when they share two phonemes. Hence, as was suggested by Slowiaczek and Hamburger, the amount of inhibition exerted by the primes on the processing of the target words appears to be a function of the number of matching phonemes between primes and targets. Primes sharing more than two phonemes with the targets would constitute strong competitors and, therefore, slow down the recognition of the target words.
EXPERIMENT 2
An alternative account of the present findings could be that what determines competition between lexical candidates is not the size of the phonological match, but the number of mismatching phonemes between primes and targets. As was mentioned above, in both Experiment 1 and Slowiaczek and Hamburger's (1992) study, the size of the phonological match varied together with the number of mismatching phonemes between the primes and the targets. This characteristic might be critical because, given the sequential nature of the speech signal, it could be that competition depends on the number of mismatching phonemes. Primes that mismatch the targets only on the last phoneme, as was the case in the three-phoneme overlap, might constitute strong competitors not because of the size of the phonological match per se, but rather because such prime words are reactivated until the last phoneme of the target is processed. The lack of interference with two-phoneme overlap primes might thus be related to the higher phonological mismatch between primes and targets. When the prime mismatches the target on the last two phonemes, its activation quickly stops increasing during target processing, thus strongly reducing its inhibitory influence. According to this hypothesis, the effectiveness of a prime word in slowing down target recognition would be dependent on a weak mismatch with the target word. In accordance with the result described by Radeau et al. (1995) , such an account leads to the prediction that an inhibitory priming effect should again occur with an overlap of two phonemes when the primes mismatch the targets only on the last phoneme. Experiment 2 was designed to test this prediction. Although this condition was included in the Radeau et al. (1995) study, the interference effect did not reach significance in the by-item analysis, perhaps because of the small number of items involved.
Method
Participants. Forty students were recruited from the same pool as in Experiment 1.
Materials and Procedure. Forty-two monosyllabic target words with a CVC syllabic structure were selected. Each of the 42 target words was paired with two monosyllabic prime words. One prime shared the first two phonemes with the target and mismatched the target on the last phoneme (e.g., bol /bOl/-botte /bOt/). The other was used as a control and had no phonemes in common with the target (e.g., louche /luS/-botte /bOt/). The targets and primes are provided in Appendix C.
The targets had a mean logarithmic frequency of 3.61. The mean logarithmic frequencies of the primes were 2.55 for the related primes and 2.59 for the control primes. The average durations were 480 msec for the targets, 458 msec for the related primes, and 497 msec for the control primes. Since the targets were paired with two different primes, two experimental lists were created. To attain a proportion of related prime-target pairs of 25%, 42 filler pairs without any relation between the primes and the targets were added to each list. The procedure was the same as in Experiment 1.
Results and Discussion
Two items that gave rise to an error rate of more than 20% were excluded from the analyses. The RT data were analyzed according to the same criteria as in Experiment 1. The percentage of rejected data was 2.75. The mean RTs and error rates in each condition are presented in Table 4 . Because few errors occurred, only RTs were submitted to ANOVAs.
The ANOVAs revealed a main effect of prime type [F 1 (1, 38) Responses to targets were 10 msec slower when they were preceded by the related primes in comparison with the control primes. Although small in magnitude, this inhibition observed with a two-phoneme overlap appears to be robust, since a similar, 18-msec effect was also observed by Radeau et al. (1995) using different stimuli. Taken together, the results of Experiments 1 and 2 reveal that for the same initial overlap, the inhibitory influence of the prime words is not equal. Two shared phonemes in Experiment 1 did not lead to inhibition, but two shared phonemes in Experiment 2 led to significant inhibition. These results indicate that the amount of inhibition produced by a prime word on the processing of a target word depends on the length of the phonological mismatch between the prime and the target. A prime will have a strong impact on target word recognition only when it mismatches the target on the last phoneme. When a prime mismatches the target on the last two phonemes, as was the case in Experiment 1, its inhibitory influence is considerably reduced, with the result that it no longer influences target word recognition.
EXPERIMENT 3
Both Experiment 2 and Radeau et al.'s (1995) results indicated that an inhibitory priming effect can be observed even in the case of a reduced initial overlap between primes and targets. At first sight, these findings appear to conflict with the data reported both in Experiment 1 and in Slowiaczek and Hamburger's (1992) study. Indeed, in Experiment 1 an inhibitory effect was found only when the initial overlap was of three phonemes. The results of Experiment 2 suggest, therefore, that the lack of an interference effect in Experiment 1 for the twophoneme overlap follows from a high level of mismatch between the primes and the targets. It seems that a prime sharing the first two phonemes with the target can slow down the recognition of the target word only when it mismatches the target on the last phoneme. A more thorough examination of the role of the number of mismatching phonemes would consist of assessing whether an initial overlap of three phonemes is still sufficient to cause inhibition when the primes mismatch the targets on the last two phonemes. This was the purpose of Experiment 3.
In this experiment, bisyllabic primes and targets were used. The primes and the targets shared zero phonemes (e.g., /flokÕ/-/bagaZ/ ), three phonemes (e.g., /bagEt/-/bagaZ/ ), or four phonemes (e.g., /bagaR/-/bagaZ/). In the case of a three-phoneme overlap, the primes mismatched the targets on the last two phonemes. In contrast, in the case of a four-phoneme overlap, the primes mismatched the targets only on the last phoneme. As in Experiments 1 and 2, an inhibitory effect was expected only when the primes mismatched the targets on the last phoneme.
Method
Participants. Fifty-four students were recruited from the same pool as in Experiments 1 and 2.
Materials and Procedure. Forty-two bisyllabic target words, five phonemes in length, were selected. Each of these 42 target words was paired with three bisyllabic prime words, five phonemes in length. Two primes were phonologically related to the target. One shared the first three phonemes with the target and mismatched the target on the last two phonemes (e.g., baguette /bagEt/-bagage /bagaZ/). The other shared the first four phonemes with the target and differed from the target only on the last phoneme (e.g., bagarre /bagaR/-bagage /bagaZ/). The third prime was used as a control and had no phoneme in common with the target (e.g., flocon /flokÕ)/-bagage /bagaZ/). The prime-target pairs are provided in Appendix D.
The targets had a mean logarithmic frequency of 3.37. The mean logarithmic frequencies of the primes were 2.26 for the threephoneme primes, 2.33 for the four-phoneme primes, and 2.58 for the control primes. The average duration of the targets was 584 msec. The average durations of the primes were 619 msec for the threephoneme primes, 606 msec for the four-phoneme primes, and 552 msec for the control primes. As in the previous experiments, since the targets were paired with three different primes, three experimental lists were created. To attain a proportion of related prime-target pairs of 25%, 70 filler pairs without any relation between the primes and the targets were added to each list. The procedure was the same as in Experiments 1 and 2.
Results and Discussion
The RT data were analyzed according to the same criteria as in Experiments 1 and 2. The percentage of rejected data was 2.87. The mean RTs and error rates in each condition are presented in Table 5 . Because few errors occurred, only RTs were submitted to ANOVAs.
The main effect of prime type was reliable [F 1 (2,102) 5 11.53, p , .001; F 2 (2,78) 5 7.59, p , .001]. Planned comparisons were conducted to test for differences across prime type. Responses to targets were significantlyslower (23 msec on average) when they were preceded by fourphoneme primes in comparison with the control primes [F 1 (1, 51) (1, 51 ) 5 2.27, p 5 .14; F 2 , 1].
As in Experiments 1 and 2, a competition effect was consistently demonstrated when the primes mismatched the targets on the last phoneme (e.g., /bagaR/-/bagaZ/ ). No significant inhibition was observed with an overlap of three phonemes when the primes mismatched the targets on the last two phonemes (e.g., /bagEt/-/bagaZ/ ). Thus, unlike in Experiment 1, it appears that an initial overlap of three phonemes is no longer sufficient to cause inhibition. The contrasting outcomes of Experiments 1 and 3 are probably related to a higher mismatch in Experiment 3, which considerably reduces the com- petition between primes and target words. This finding supports our claim that the number of mismatching phonemes between primes and targets is a critical variable in determining inhibition during target word recognition.
EXPERIMENT 4
To sum up, the results of the previous experiments indicate that the inhibitory influence of a prime word is considerably reduced when it mismatches the target on the last two phonemes. Nonetheless, a potentially important factor directly related to the number of mismatching phonemes is the time elapsed between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets. Because it is well known that an activation-based priming effect rapidly diminishes as a function of time, it might be that the larger inhibition effect in the case of a one-phoneme mismatch than in that of a two-phoneme mismatch results from a shorter delay in the former than in the latter. Therefore, in Experiment 4 the same materials were used as in Experiment 3, and the time elapsed between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets was controlled for. Controllingfor the offset-onset delay in the different priming conditions necessarily requires a longer ISI for the smaller mismatch. Thus, in order to have equivalent time durations between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets, a larger mismatch was compensated by a shorter ISI. Consequently, the ISI was still 50 msec in the two-phoneme mismatch condition, whereas it was increased to 211 msec in the one-phoneme mismatch condition. Although it has been shown that inhibitory effects occurred when a 50-msec ISI was used but not when a 500-msec ISI was used (Goldinger et al., 1992) , to our knowledge the effects of using such an intermediate ISI have not been examined in any study.
Method
Participants. Fifty-four students were recruited from the same pool as in the previous experiments.
Materials and Procedure. The materials were the same as in Experiment 3. The durations of the mismatching segments in the primes were measured. On average, they were 327 msec in the twophoneme mismatch condition (e.g., the segment /Et/ for the prime /bagEt/ in the prime-target pair /bagEt/-/bagaZ/) and 166 msec in the one-phoneme mismatch condition (e.g., the segment /R/ for the prime /bagaR/ in the prime-target pair /bagaR/-/bagaZ/). The procedure was the same as in the previous experiments except that the ISI was increased from 50 to 211 msec in the one-phoneme mismatch condition. Thus, the delay between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets was 377 msec for both the two-phoneme and the onephoneme mismatch conditions. To prevent the participants from developing strategies, the ISI was also increased to 211 msec for half of the control and filler pairs.
Results and Discussion
One item that gave rise to an error rate of more than 20% was excluded from the analyses. The RT data were analyzed according to the same criteria as in the previous experiments. The percentage of rejected data was 1.45. The mean RTs and error rates in each condition are presented in Table 6 . Because few errors occurred, only RTs were submitted to ANOVAs.
The main effect of prime type was reliable [F 1 (2, 102 ) 5 66.17, p , .001; F 2 (2,76) 5 59.29, p , .001]. Planned comparisons were conducted to test for differences across prime type. Responses to targets were significantly slower (43 msec on average) when they were preceded by one-phoneme-mismatch primes in comparison with the control primes [F 1 (1, 51) When the time duration between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets was controlled for, a competition effect was again consistently demonstrated when the primes mismatched the targets on the last phoneme (e.g., /bagaR/-/bagaZ/ ) but not when they mismatched the targets on the last two phonemes (e.g., /bagEt/-/bagaZ/). Thus, it appears that the lack of inhibitory priming effect in the case of a two-phoneme mismatch cannot be attributed to a longer time elapsed between overlapping segments in the primes and the targets. 6 Moreover, the results show that increasing the ISI from 50 to 211 msec did not eliminate the inhibitory priming effect, suggesting that such an ISI did not allow enough time for activation of the prime to dissipate before target presentation.
What is surprising, however, is the fact that the inhibitory priming effect did not diminish with an increase in ISI. Indeed, the inhibitory effect was twice as large when the 211-msec ISI was used than when the 50-msec ISI was used. Because it is usually claimed that greater priming for long than for short ISIs indicates bias contamination (Goldinger et al., 1992; Radeau et al., 1995) , the possibility of strategic involvement cannot be discarded. As will be discussed below, Pitt and Shoaf (2002) recently argued that as participants become aware of the presence of related prime-target pairs, they use information about primes to maximize fast responses at least on related trials, thus masking inhibitory priming effects (but see Dufour & Peereman, 2003 , for conflicting evidence). Nonetheless, the observation of a larger priming effect at longer ISIs seems to argue against such a position. Indeed, because a longer ISI should provide a better opportunity to engage such strategic processing, a smaller inhibitory priming effect should have occurred. 
GENERAL DISCUSSION
All competitive activation models predict that priming a target word by one of its competitors should delay its recognition.However, as we have pointed out, reviews of published studies (Monsell & Hirsh, 1998; Radeau et al., 1995) indicate that inhibitory priming effects have been reported only occasionally. The aim of the present study was to try to resolve some of the inconsistencies among the existing data. As we have mentioned above, previous studies have generally focused on the size of the phonologicalmatch, and they have not systematically considered the phonologicalmismatch length between primes and targets. As a result, the number of mismatching phonemes was generally left to covary with the number of phonemes shared between the primes and the targets. The present study was designed to examine whether such a variable is critical in determining the magnitude of inhibitory priming effects.
Experiment 1A replicated Slowiaczek and Hamburger's (1992) observation of an inhibitory priming effect with a prime-target overlap of three phonemes but not with an overlap of two phonemes. Importantly, Experiment 1B indicated that differential priming effects were still observed when the vocalic overlap between primes and targets was controlled for. Such a finding seems to indicate that the amount of inhibition exerted by a prime word on target word processing is a function of the number of initial phonemes that match the target. Experiment 2 revealed, however, that the lack of an interference effect in Experiment 1 for the two-phoneme overlap was due to the size of the phonological mismatch between primes and targets. It appeared that a prime sharing the first two phonemes with a target can also slow down the recognition of the target word, provided that the prime mismatches the target only on the last phoneme. Examining this hypothesis further, we predicted that a three-phoneme overlap would no longer be sufficient to cause inhibitory effects when the primes mismatch the targets on the last two phonemes. The results of Experiment 3 confirmed this prediction. An inhibitory effect was again observed in Experiment 4 when the primes mismatched the targets on the last phoneme but not when they mismatched the targets on the last two phonemes when the time duration between the offset of overlapping segments in the primes and the onset of overlapping segments in the targets was controlled for. Overall, the present results suggest that the number of mismatching phonemes is a relevant factor in determining the amount of competition between lexical candidates. Inhibitory priming effects consistently occurred even in the case of a reduced initial overlap whenever the primes mismatch the targets on the last phoneme. When the primes mismatch the targets on the last two phonemes, their inhibitory influence is considerably reduced.
An alternative explanation of the present f indings might be that what is important in determining competition effects is not the absolute number of mismatching phonemes per se but the ratio between the number of matching and mismatching phonemes. Indeed, when the results are viewed in terms of percentage of overlap, competition effects were found when there was an overlap of 67% (two phonemes out of three in Experiment 2), 75% (three phonemes out of four in Experiment 1), and 80% (four phonemes out of five in Experiments 3 and 4). Conversely, no competition effect was reported when there was 50% (two phonemes out of four in Experiment 1) or 60% (three phonemes out of five in Experiments 3 and 4) overlap. Although this alternative seems to offer a coherent account of the present data, additional work is required to examine this hypothesis further.
It was recently claimed that the inhibition observed with an initial overlap reflects a surprise effect (Pitt & Shoaf, 2002) . Examining the emergence of biases by comparing the magnitude of the priming effects at various points during the experimental session, Pitt and Shoaf reported an inhibitory effect only for targets presented at the beginning of the experiment. No inhibition was observed for the targets presented at the end of the testing session. Again, it was suggested that priming effects are contaminated by response biases developed by participants when they become aware of the presence of related pairs (see also Goldinger, 1999) . In addition, it was argued that inhibitory priming effects are due to participants' surprise when they encounter the first related trial. We believe, however, that the present inhibition cannot be attributed to the participants' surprise. Indeed, our experimental setting also included related trials in the training session (4 related trials out of a total of 16) so that any surprise effect should be manifested during the training session, not during the experimental session. Moreover, such an account does not explain the modulation of inhibitory priming effects as a function of lexical factors such as the lexicality (Slowiaczek & Hamburger, 1992) or frequency of the primes. In accordance with this view, we have recently found that inhibitory priming effects also vary as a function of the neighborhood density of the target words (Dufour & Peereman, 2003) . Hence, it seems that an explanation of inhibitory effects in terms of an automatic competition between lexical candidates is the more appropriate. Neither response biases nor surprise effects should modulate as a function of lexical factors.
The basic finding of the present study is that the competition effect that is predicted by competitive activation models can be consistently observed when primes and targets differ on the last phoneme-that is, when the prime words mismatch the lexical representations of the targets later. We believe that our results are consistent with the Cohort model (Marslen-Wilson et al., 1996) . In this model, competition effects are mediated at the decision stage, where the presence of a close competitor slows down the process of discrimination among lexical candidates. Indeed, recognition is supposed to occur when the difference in activation between the target word and its most activated competitor reaches a fixed value. Assuming that the prime is still activated at target onset, an inhibitory effect can be predicted because of the reactivation of the prime during target processing. Moreover, the later a prime word diverges from the target word, the longer it will act as a strong competitor of the target word, and the more it will delay the moment at which the target word can be reliably identified.
Our results also appear to be compatible with models such as TRACE (McClelland & Elman, 1986 ) and Shortlist (Norris, 1994) that assume lateral inhibitions between lexical candidates. In TRACE, all the lexical nodes are potential candidates for recognition, continuously increasing or decreasing in activation as a function of their match with the incoming signal. Unlike the Cohort model, the lexical competitors directly affect the activation level of the target word. In addition, the degree to which a competitor tries to inhibit the target word is a function of its activation level. The more a competitor is activated, the more inhibitionthe target word will receive. Because competitors are activated in proportion with their matches with the incoming signal, stronger competition should arise for large prime-target overlap. Thus, in consistency with our findings, a competitor such as /bagaR/ should have more influence on the recognition of the target word /bagaZ/ than on that of a word such as /bagEt/. Indeed, in the latter case, the competitor /bagEt/ overlaps the target word by a smaller number of phonemes, and it should therefore compete less with the target word. Nonetheless, our data also indicate that the number of mismatching phonemes is a key determinant of the emergence of inhibition priming effects. So, priming occurred for a primetarget overlap of three phonemes in the case of a onephoneme mismatch but not in the case of a two-phoneme mismatch. Similarly, a two-phoneme overlap caused inhibition only when primes and targets differed by one phoneme, but not when they differed by two. In the absence of simulation work, it is presently unclear how the TRACE model could predict differential inhibition effects for prime-target words sharing the same number of phonemes but differing on mismatch length.
Unlike TRACE, competition in Shortlist takes place within a small list of word candidates. This model involves two distinct stages of processing. In the first stage, a short list of candidates that are roughly consistent with the incoming signal is derived. Only the candidates that match the input to some preset criterion are allowed to enter into a second stage of competition similar to that assumed by TRACE. Shortlist also predicts a stronger competition between lexical candidates that have a large phonological overlap. Thus, the competitor /bagaR/ should have a greater impact on recognition of the target word /bagaZ/ than on that of the word /bagEt/ because it overlaps more with the target word. An interesting feature of the Shortlist model is that the activation of words that mismatch the input decreases through bottomup inhibition. In accordance with this feature, some evidence in the literature indicates that bottom-up inhibition plays a role during auditory word processing. In a crossmodal priming study, Marslen-Wilson, Gaskell, and Older (1991) found that the nonword apricod failed to prime fruit, whereas the nonword aprico produced a priming effect similar to that of the real word apricot. Thus, it appears that a deviation between the input (i.e., the /d/ in apricod) and the critical word (i.e., the /t / in apricot) was sufficient to eliminate cross-modal priming. Such a result seems incompatible with the TRACE model, which does not incorporate a bottom-up inhibition mechanism. Indeed, because in TRACE the elimination of mismatching word candidates is only lexically mediated, the nonword apricod should also prime fruit due to the lack of corresponding lexical nodes to generate inhibition on the real word apricot. The assumption that mismatching candidates have their activation decreased via bottom-up inhibition is also supported by more recent studies using different experimental paradigms, such as the cross-modal fragment priming paradigm (Cutler & van Donselaar, 2001; Soto-Faraco et al., 2001 ) and the phoneme monitoring task (Frauenfelder, Scholten, & Content, 2001 ). These f indings, together with our results, suggest that both bottom-up inhibition and lexical competition are involved in the word recognition process. Hence, a possible explanation for the lack of competition when the primes differed from the targets by the last two phonemes would be that competitors are rapidly inhibited-through bottom-up inhibition-when mismatching phonemes are detected. As a result, the earlier a mismatching phoneme between a target word and its competitor is detected, the faster the activation of the competitor is turned off, thus strongly reducing its inhibitory influence during target word processing. Further studies are nevertheless required to examine whether the absence of a competition effect in the case of two diverging phonemes is due to a bottom-up inhibitionmechanism.
